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ABSTRACT 
Jaber Nassir Alshaye 
Step Time Adjustment During Simple And Choice Stepping Task 
 
Introduction. Information regarding stepping time plays an important role in understanding normal and 
abnormal human gait. Adjusting the time for stepping during gait is a common strategy individual may 
demonstrate to maintain gait balance. Therefore, we analyzed the stepping time among eight healthy young 
individuals during both a simple reaction time task (SRT) and a choice reaction time task (CRT). Purpose. The 
objective of this study is to investigate if SRT and CRT have different effects on Step Time. A secondary aim of 
this study is to discuss the importance of using the information regarding step time to improve gait training 
designed for those with gait impairments in physical rehabilitation programs. Methods. Eight healthy young 
subjects (18-24 years old) participated in this study. All of the participants (four females, four males) were right-
leg dominant. Participants were instructed to stand upright and barefoot on a force platform with their feet 25 
cm apart. Throughout the experiment, a tape was used to ensure a consistent distance between participants’ feet 
while standing. Subjects looked straight ahead during the entire trial, with eyes directed toward a target (+) 
presented on a screen 4 m ahead at eye level. A visual stimulus was presented and remained on the screen for 10 
seconds after the (+) sign appeared, allowing subjects to get ready to respond with the appropriate foot and the 
exact number of steps. We used repeated measures t-test in SPSS to compare the means of ST during SRT and 
CRT tasks Results. There was no statistically significant difference in ST for SRT task (M=1207.8, SD=73.6) 
and CRT task (M=1234.1, SD=67.1) (t (7) = - 1.5, p = 0.17) Conclusion. Our results suggest that CRT task has 
no strong impact on ST. However, the small number of participants must be considered a main factor, which led 
to this result.  
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CHAPTER ONE 
INTRODUCTION 
1.1 Background 
For individuals with gait impairments, falling during walking, which often leads to 
injuries and decreases in mobility is a common problem (20, 28, 29). Age-related changes in 
the neuromuscular system have been shown to be responsible for the higher rates of falls among 
the elderly (10, 26). Ambulation, walking in particular, is an essential part in maintaining 
independence and quality of life among healthy and non-healthy elderly individuals (35, 37). 
Studies show that elderly fallers had a smaller step length (distance between the toe of two 
subsequent feet) than elderly non-fallers. Also, old individuals with high risk of falling 
secondary to their neuromuscular gait impairment demonstrated higher spatiotemporal 
variability during gait initiation (36, 45). In fact, approximately one-third of adults over 65 
showed a tendency to fall during locomotion (40). Over the last two decades, gait variability 
has been measured to improve the understanding of dynamic balance (2, 30). Many studies 
have considered balance perturbations to investigate how people respond to challenges made 
to their gait stability (11, 24, 25). Information regarding human gait cycle plays an important 
role in understanding normal and abnormal individuals’ gait. In order to maintain their dynamic 
balance and in preparation to stop, healthy as well as non-healthy individuals may use various 
strategies during walking.  
In gait analysis, reaction time (RT) is known to be the time between a stimulus and a 
movement or a step executed by an individual. The two main types of RT are simple reaction 
time (SRT), where participants respond to a single stimulus, and choice reaction time (CRT), 
where they must have a specific response in accordance to the type of given stimulus (4). Many 
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studies have divided gait initiation into five main stages: the reaction time, the release phase, 
the unloading phase, the single support phase, and finally, the double support phase (5, 23, 27). 
Stepping on the ground, an individual will initiate a force vector in downward-backward 
direction. As a reaction to the produced force, the ground produces another force in the opposite 
direction (upward and forward). This is called the ground reaction force (GRF), which is 
measured by a force plate (41). Information about GRF is crucial to measure step time. It is 
generally believed that self-modification of gait triggers changes in gait pattern (6, 9). Gait has 
been shown to have different effect on gait stability based on the type of gait challenge 
introduced to an individual. Some studies have proposed that a faster gait is the main strategy 
individuals might use to improve their gait stability (1). While walking, individuals may 
intentionally alter their stepping pattern to enhance their stability (3). However, in order to 
maintain their gait and in preparation to stop, both healthy and non-healthy individuals may use 
various strategies during the five main stages of gait. It is of great importance for both clinical 
and science purposes to understand the various shapes that voluntary walking individuals 
demonstrate to maintain their safety.    
 
1.2 Statement of the Problem 
Information regarding human gait cycle plays an important role in understanding normal 
and abnormal gait of individuals. In order to maintain their gait and in preparation to stop, healthy 
as well as non-healthy individuals may use various strategies during the five main stages of gait. 
Therefore, knowledge of these strategies is of great importance in physical and functional 
rehabilitation since they reflect neuromuscular gait control. Adjusting step time during gait is a 
common strategy individuals may demonstrate to maintain a successful step task. However, little 
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is documented throughout existing research regarding the step time during different stepping 
tasks. 
1.3 Purpose of the Study 
The purpose of this study was to investigate if there is any effect of the type of reaction 
time task on step time. A secondary goal was to understand how individuals plan their steps 
in two different stepping conditions through modification of their step time. Another 
secondary goal for this study was to discuss the importance of using the information regarding 
step time to improve gait training designed for those with gait impairments in physical 
rehabilitation programs.  
1.4 Delimitations 
A total of eight healthy college-age participants, four males and four females aged 
from 18-24 years old, from Bloomington, Indiana were recruited for this study. The study 
was conducted at Indiana University’s Neuromotor control and gait analysis laboratory at 
the School Of Public Health. Step time was the dependent variable that was examined in 
this study. Several independent variables were examined in this study including stepping 
task (simple or choice), and the number of steps taken (one, two or three). All participants 
were asked to perform two stepping tasks (simple and choice reaction time tasks). We used 
paired sample t-test to analyze our data. 
 
1.5 Assumptions 
This study was conducted under the following assumptions: 
1. The participants were representative of healthy young male and female adults of average 
college age with no history of any physical or neuromuscular problems. 
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2. The participants did not anticipate any given stimulus and did not react in advance. 
3. The participants were motivated to perform the stepping task at their best condition 
during each data collection session.  
4. To provide adequate practice for each participant to reach the sufficient level of 
understanding of the task to perform and without any learning effect, the five trials 
of each condition in simple reaction task and the ten trials in choice reaction task 
were adequate.  
1.6 Hypotheses 
This study was designed to investigate the following null hypotheses: 
Hypothesis 1: There were no significant differences between Simple Reaction Time (SRT) task 
and Choice Reaction Time (CRT) task as a main effect on Step Time (ST). 
Hypothesis 2: There were no significant differences among the number of steps as a main effect 
on step time (ST). 
1.7 Definitions of Terms 
Reaction Time (RT): the time between the given stimulus and the step executed by the 
participant. 
Simple Reaction Time (SRT) task: this refers to a stepping task in which participants 
were informed about the number of steps they had to perform and the exact foot they had to use 
to initiate the step before each testing block. This SRT task varies from one step to three steps.  
Choice Reaction Time (CRT) task: this refers to a stepping task in which participants 
had to perform a specific task in accordance to the type of given stimulus (six different visual 
cues generated by a computer to give information regarding the number of steps and the type 
of foot). This CRT varies from one step to three steps. 
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Step Time (ST): this refers to the time from swing foot toe off (SWTO) until the initial 
contact of the same foot to the ground (SWIC). 
Swing Foot Toe Off (SWTO):  this refers to the moment the toes of the foot (or the foot) used 
to perform the step(s) leave the ground.  
Swing Foot Initial Contact (SWIC): this refers to the moment the foot (or part of the foot) 
used to perform the step(s) come into contact with the ground.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER TWO 
LITERATURE REVIEW 
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2.1 Reaction Time 
Reaction time (RT) has always been an essential part to the investigation of human 
behavior studies (44). Reaction time is known to be the time between a stimulus and a 
movement or a step executed by an individual. As stated in chapter one, the two main types of 
RT are simple reaction time (SRT), where participants respond to a single stimulus, and choice 
reaction time (CRT), where they must have a specific response in accordance to the type of 
given stimulus (4). It has been proposed that age, physical status, exercise, and stress have a 
remarkable influence on RT (44). CRT has been measured alongside various sensorimotor and 
balance measures and considered a strong predictor of falls among elderly. Late step time has 
been a significant factor to identify individuals with high risk of falling from those from non-
fallers (22, 33).  
2.2 Gait and Gait Parameters 
The walking speed (the product of cadence and stride length (m/s)) of both young and 
elderly has been postulated to have a significant influence on the variability of the spatial–
temporal gait parameters (e.g swing phase duration) (15, 16). The walking speed is an important 
factor to be considered when measuring gait parameters. The effect of walking speed on gait 
among individuals with different neuromuscular system limitations has always been 
controversial in research. Various studies have showed that aging and impairment of 
neuromuscular system affect gait parameters. For instance, walking speed becomes slower and 
step lengths are shorter (18). It is believed that self-modification of step time triggers changes 
in gait pattern (6, 9, 43). However, slower stepping, in particular, leads to greater gait variability 
especially among elderly with age-related neuromuscular impairment and reduced muscular 
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strength (15, 16). Moreover, self-modification of step time has shown to affect gait sub-phases 
(12). 
Also, a redistribution of the mid stance phase towards the terminal stance phase when 
individuals increase their walking speed has been proposed in different studies. As healthy 
individuals increase their walking speed, their stride length (distance between the toe of two 
subsequent initial contact of the same foot) increases too (38). Consequently, they spend more 
time in leg progression during the swing phase while they reduce the stance phase duration 
(42). In addition, their double support phase decreases with the increase in walking speed (38, 
42). The reduction of walking speed has been shown to be a strategy of choice that individuals 
demonstrate to cope with an increased probability of falling (9, 16). Slower walking speeds, 
also, help in improving local stability (6, 9, 15). However, slower walking speeds have also 
been proposed to be associated with increased gait variability (9, 15), which may indicate 
increased gait instability (13, 15, 16, 31, 32). The short step length that is associated with 
neuromuscular impairment and/or aging would decrease the risk of falling that occurs due to 
gait instability. On the other hand, the slower walking speed would have the opposite effect on 
gait stability. In some gait instability conditions, such as adaptation to slips, modifying step 
length by taking short steps seems to be the preferred strategy for individuals in comparison to 
increasing walking speed (1).  However, it is not clear whether there is a potential for certain 
levels of cognitive load that could affect individuals’ adaptation to the challenges introduced to 
their gait (8).  
When it comes to individuals’ response to balance perturbation, a combination of 
reduced step length and increased step frequency (number of steps/min) and step width (the 
medio-lateral distance between both heels at the moment of heel contact) appears to be the 
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strategy of choice that individuals may demonstrate. Walking speed did not change in response 
to the perturbations. This could be attributed to the need to increase the stability in mediolateral 
and backward directions, which leads to a decrease in the risk of falls in these directions. A 
study measuring the effect of mediolateral balance perturbations on step length, step frequency, 
and step width proposed that subjects did not change their step time with increasing perturbation 
intensity. Instead, they made shorter, faster, and wider steps with increasing perturbation 
intensity (11).  
Analyzing and understanding human gait cycle is an essential portion of biomechanics. 
Mechanical analysis of human gait is crucial to build a successful treatment program for 
patients with gait impairments. Spatiotemporal gait parameters help in evaluating and 
describing gait performance (13) since they can be severely affected by impairments in 
musculoskeletal or neurological systems (19). Spatiotemporal gait parameters play an 
important role in distinguishing between healthy individuals and those with different 
pathological gait (7, 34). These parameters help, also, in discriminating between fallers and 
non-fallers. Studies showed that both swing phase and stance phase affected gait stability (14). 
Additionally, gait cycle and temporal gait parameters, step length and step frequency in 
particular have been believed to depend on walking speed as different gait responses to walking 
speed have been observed in healthy and non-healthy individuals (17). 
2.3 Summary 
In conclusion, the changes in gait phase durations seem to be interpreted to some extent 
by biomechanical considerations. Furthermore, it is of great importance to know the different 
influences that a modification of step time has on gait phases, sub-phases, and stability. 
Therefore, when measuring gait parameters, we should take into account its effect on gait cycle 
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and gait stability as well. Information regarding adjustments of walking speed, step length, and 
step frequency that both healthy and non-healthy individuals may demonstrate help in 
modifying gait training task used in physical rehabilitation clinics. A comprehensive 
mechanical analysis of gait parameters needs a well-defined protocol to detect gait phases’ 
duration and their responses to changes in walking speed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE 
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METHODOLOGY 
3.1 Participants. 
 Eight healthy young subjects (18-24 years old) participated in this study (Table.1). All 
of the participants (four females, four males) were right-leg dominant according to self-
reporting. Participants were recruited from fitness and motor learning courses at the School of 
Public Health. Also, none of the participants had a history of any physical or neuromuscular 
problems. All participants were given informed consent prior to participation in the study. The 
Institutional Review Board of Indiana University approved the study.  
3.2 Equipment. 
 Eight Qualisys motion tracking system cameras (Qualisys AB, Sweden) and two force 
plates were used to gather position data from 12 reflective markers, which were applied on 
each participant’s lower limbs and ankles, and to make sure participants maintained their 
standing balance condition. A pressure mat on top of the first force plate was used to monitor 
the balance conditions prior to beginning a step. Also, an HD screen was used to provide 
participants with the exact instruction regarding stepping and walking tasks of the two testing 
phases. Connected to the second force plate, a walking platform extended from the force plates 
and allowed subjects to take several steps throughout the experiment. 
 
3.3 Experimental design.  
This study was a laboratory experiment based quantitative study aimed to build models 
for analyzing gait initiation parameters. Before testing, participants completed both a medical 
history questionnaire and an informed consent form. They were asked to wear shorts in order 
to expose their lower limbs and have the anatomical markers attached to their body. There were 
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12 reflective markers applied on each participant. The 12 anatomical markers that were applied 
on each participant were: the 1st metatarsal head, the 5th metatarsal head, the lateral malleolus, 
and the heel of both feet, the right and the left anterior superior iliac spines (ASIS) and the right 
and the left posterior superior iliac spines (PSIS). All participants performed two tasks of step 
and walk: simple reaction time task (SRT) and choice reaction time task (CRT). Participants 
were instructed to stand upright and barefoot on a force platform with their feet 25 cm apart. 
Throughout the experiment a tape was used to ensure a consistent distance between 
participants’ feet while standing. Subjects looked straight ahead during the entire trial, with 
eyes directed toward a target (+) presented on a screen 4 meters ahead at eye level (Fig.1). A 
visual stimulus was presented and remained on the screen for 10 seconds after the (+) sign 
appeared, allowing subjects to get ready to respond with the appropriate foot and the exact 
number of steps. This visual stimulus had 6 white squares equally divided on each side 
suggesting the number of steps participants had to perform (1, 2, or 3). A white square would 
become red, which means that the participant had to land on that square (e.g. when the right 
second square (LR) becomes red, it means that the participant must take 2 steps initiating the 
steps with the left foot in order to land on the exact square with right foot). A total of 120 trials 
were collected from each participant (60 trials of SRT phase and 60 trials of CRT phase). 
During the SRT phase, the participants performed 6 blocks of 10 trials. These were: Block 1 
(L) in which the participants had to initiate one step with the left foot and land with the same 
foot; Block 2 (RL) in which the participants had to take two steps initiating the step with the 
right foot, but landing with the left foot; Block 3 (LRL) in which the participants had to take 
three steps initiating and landing with the same left foot; Block 4 (R) in which the participants 
had to initiate one step with the right foot and land with the same foot; Block 5 (LR) in which 
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the participants had to take two steps initiating the step with the left foot, but finally land with 
the right foot; Block 6 (RLR) in which the participants had to take three steps initiating and 
landing with the same right foot. Each of the 6 blocks was preceded by 5 practice trials to ensure 
participants’ familiarity with the task. These practice trials were followed by the first block of 
10 test trials to record the data. During the CRT phase, it was explained to the participants that 
in each trial the visual stimulus was equally likely to signal any of the six conditions and that 
the participants had to decide which foot they must use to start the task with and the number of 
steps required to complete the task. The participants were given 5 minute rest periods during 
which they were asked to sit after every 2 blocks during SRT phase, and after every 20 trials 
during the CRT phase. 
 
3.4 Data Collection and Cleaning. 
The motion tracking data was sampled at 100 Hz. Using a customized MATLAB 
(MathWorks.Inc.) program with Psychtoolbox, the visual stimulus was delivered and synced 
with the motion tracking system. A Tekscan HR MAT Pressure Mat (Tekscan Inc.) was placed 
on the first force plate (AMTI). This pressure mat allowed us to monitor the weight distribution 
under the feet and ensure that with no more than 51% of weight on either foot before generate 
any stimulation (4). All ground reaction forces (GRFs) and moments will be collected through 
two AMTI force plates (OR-6-7000, Advanced Mechanical Technology.Inc, MA, USA) at 
1000 Hz (39). Step time is identified as the time from swing foot toe off (SWTO) until the 
initial contact of the same foot to the ground (SWIC).  All the key time points were calculated 
through a customized code written in Matlab. The Qualisys Motion Capture system collected 
all reflective markers’ data and force plate data and transported them into Qualisys. A Matlab 
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file that contained all the kinetic and kinematic data would be generated to allow access to the 
raw data for each subject.  
3.5 Data Analysis 
To obtain the sufficient comparison of the means of the step time between the subjects 
during SRT and CRT, a paired sample (repeated measures) t-test was used. Since each subject 
was measured on two occasions on the same dependent variable, this repeated measures design 
ensures the sufficient comparison of the means within subjects on the same dependent variable 
(step time). The standard deviation was calculated to determine the scores variation around the 
mean. A priori Alpha level was set at p< .05 for all analyses. 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER FOUR 
RESULTS 
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Eight healthy young subjects (18-24 years old) participated in this study. All of the 
participants completed the required 120 trials and had their ST calculated. There were 960 trials 
measured in this study. A paired-samples (repeated measures) t-test was conducted to compare 
the subjects’ ST in SRT task with that in CRT task. There was no statistically significant 
difference in ST for SRT task (M=1207.8, SD=73.6) and CRT task (M=1234.1, SD=67.1) (t 
(7) = - 1.5, p = 0.17). However, the ST during CRT task was slower than that during SRT task 
by %2.2. Mean, Standard Deviation, t-value, and p-value are summarized in Table.2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER FIVE 
DISCUSSION 
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The aim of this study was to investigate if Simple Reaction Time (SRT) task and Choice 
Reaction Time (CRT) task have different effects on Step Time (ST). A secondary aim of this 
study was to discuss the importance of using the information regarding step time to improve 
gait training designed for those with gait impairments in physical rehabilitation programs. A 
paired-samples (repeated measures) t-test was conducted to compare the subjects’ ST in SRT 
task with that in CRT task. Our findings showed that there was no statistically significant 
difference in ST for SRT task (M=1207.8, SD=73.6) and CRT task (M=1234.1, SD=67.1) (t 
(7) = - 1.5, p = 0.17). However, the ST during CRT task was slower than that during SRT task 
by %2.1. The delay in ST during CRT task in comparison to SRT task can be interpreted as if 
subjects needed more time to either select the appropriate response, and/or execute the steps.  
Despite the fact that there was no statistically significant difference in ST between SRT 
and CRT tasks, this delay is, to some extent, similar to the findings of some studies that 
suggested that step times have a significant influence on gait phases and sub-phases (12, 15, 
16). It also provides compatible findings to some studies which concluded that walking speed 
changes and step time and other variables are not the same, and that the self-modification of 
individual stepping should be considered when analyzing gait parameters (6, 9). However, since 
we did not exclude the trails when subjects did not initiate their stepping task within 1000 ms, 
a delay in taking the first step could be the reason for the other 6 participants to not show any 
significant effect of their CRT trails on their ST. We encouraged the participants to respond 
immediately after the visual stimulus appeared; therefore, speeding up can be a strategy of some 
of them to compensate for their delay in initiating the first step.   
Ambulation, walking in particular, is an essential part of maintaining independence and 
quality of life among healthy and non-healthy elderly people (35, 37). Studies showed that 
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elderly fallers had a smaller step length (distance between the toe of two subsequent feet) than 
elderly non-fallers. Also, elderly with a high risk of falling secondary to their neuromuscular 
gait impairment demonstrated higher step variability during gait initiation (36, 45). In fact, 
approximately one-third of adults over 65 showed a tendency to fall during locomotion (40).  
   
5.2 Significance Of The Study 
The importance of using the information regarding step time to improve gait training 
designed for those with gait impairments in physical rehabilitation programs emerge from the 
fact that individuals have their own stepping strategy, movement limits, and functional 
challenges. An example of specific training program, which has been applied in physical 
rehabilitation is Multi Targets Stepping Training, which is designed to help patients with gait 
limitations to minimize risk of falling and maintain safe gait activities (Fig.2). Individualized 
functional training program based on step time, in particular, and other gait parameters, in 
general, can maximize the potential to ameliorate independent walking of individuals with 
various gait impairments. For individuals with gait impairments, falling during walking is a 
common problem, which often leads to injuries and decreases in mobility (20, 28, 29). Age-
related changes in the neuromuscular system have been shown to be responsible for the higher 
rates of falls among the elderly (10, 26). Evidence about the stepping time can be utilized to 
prove the impact, if any, of step time adjustment on human ambulation. We believe that by 
understanding the effect of voluntary modification of step time on gait and its stability we can 
improve gait training designed for those with gait impairments in physical rehabilitation 
programs.  
5.3 Limitations And Future Directions  
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 This study was limited to small population (N=8) and to short gait task (three steps). 
Also, it was focused on only one gait parameter, which was Step Time (ST). Additionally, the 
only group we examined was healthy young individuals. We may consider applying more than 
three steps on a wider age population and a larger sample in future research. This will allow 
analyzing the effect of the modification of various walking parameters (step time, frequency, 
length, width, and walking speed) on gait and its stability. In addition, it will help in better 
comprehension of individuals’ voluntary adjustment of their gait parameters; consequently, 
therapists can have greater accuracy when they modify gait and balance training in accordance 
to their patients’/clients’ current functional ability. Also, a comprehensive mechanical analysis 
of gait parameters needs a well-defined protocol to detect gait phase durations and their 
responses to changes in gait parameters.  
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Table.1. Means (M) and Standard Deviations (SD) Of Demographics           
 Age Height (cm) Weight (kg) M ± SD 21.1 ± 0.6 169.5 ± 8.0 72.0 ± 11.7 
 23 
                                 
Table.2. Means, Subjects, and Standard Deviations t-values, and P-values of Step Time 
During SRT and CRT tasks   
Groups Mean (ms) N Std. Deviation t Sig. (2-tailed)       
 24 
                                         
LEGEND OF FIGURES    
SRT   1207.8 8 73.6  -1.5  0.17  CRT   1234.1  8  67.1 
 25 
 
Figure1: Lab equipment setting. 
Figure2: Example of Multi-targets stepping tasks in Physical Therapy.                                   
 26 
   
Figure1: Lab equipment setting. A walking platform extended from the force plates (left).  
An HD screen for visual display (right).                  
 27 
    
Figure2: An example of specific training program, which has been applied in physical 
rehabilitation clinics. Multi targets stepping training designed to help patients/elderly 
with gait problems to minimize risk of falling among elderly and/or those with gait 
impairment, (Yorozu et al, 2015).  
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INDIANA UNIVERSITY INFORMED CONSENT STATEMENT FOR 
 
Response Planning and Execution in Step and Gait Initiation. 
 
 
You are invited to participate in a research study of the investigation of the time measured 
from an auditory stimulus to the start of a step.  You were selected as a possible subject 
because of your reply to the recruiting script delivered during one of your classes.  We ask 
that you read this form and ask any questions you may have before agreeing to be in the 
study.  
 
The study is being conducted by Dr. John Shea in the Department of Kinesiology.   
 
STUDY PURPOSE 
 
The proposed research is designed to comparing the processes underlying the initiation of one 
step and walk using an auditory stimulus and measuring the time it takes to response and 
execute among normal healthy young subjects. 
 
NUMBER OF PEOPLE TAKING PART IN THE STUDY 
 
If you agree to participate, you will be one of 10 subjects who will be participating in this 
research. 
 
PROCEDURES FOR THE STUDY 
 
If you agree to be in the study, you will do the following things: 
 
You will be participating in an investigation of step and gait initiation.  Your participation in 
this investigation will require that you to perform one step or walk (several steps) with a 
reaction task.  Prior to participation, you will be asked for normal vision and any known 
mental or physical complication impacting vision or memory (e.g. stroke, multiple sclerosis, 
or paralysis) will be allowed to participate. Additionally, while performing the task, you will 
be videotaped with a motion analysis system, and the force and pressures underneath your 
feet and will be measured.  
These procedures will be conducted at the Indiana University Neuro-Motor Learning Lab 
within the Department of Kinesiology.  Your participation requires 1 visit to the Neuro-Motor 
Learning Lab and will require approximately 60 minutes of your time. 
 
RISKS OF TAKING PART IN THE STUDY: 
 
There is a risk of falling.  
. 
BENEFITS OF TAKING PART IN THE STUDY 
 
You are not expected to benefit from participating in this study. 
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CONFIDENTIALITY 
 
Efforts will be made to keep your personal information confidential.  We cannot guarantee 
absolute confidentiality.  Your personal information may be disclosed if required by law.  
Your identity will be held in confidence in reports in which the study may be published and 
all databases storing video tape recordings, motion analysis, survey information, assessment 
results and study data will be stored with identity confidence and secured with passwords that 
only the study investigators will have access to.  All documentation collected during this 
study will be destroyed via a paper shredder three years after completion of the investigation. 
  
Organizations that may inspect and/or copy your research records for quality assurance and 
data analysis include groups such as the study investigator and his/her research associates, the 
Indiana University Institutional Review Board or its designees, and (as allowed by law) state 
or federal agencies, specifically the Office for Human Research Protections (OHRP), who 
may need to access your research records. 
 
PAYMENT  
 
You will not be paid for participation in this study.  
 
COMPENSATION FOR INJURY 
 
In the event of physical injury resulting from your participation in this research, necessary 
medical treatment will be provided to you and billed as part of your medical expenses.  Costs 
not covered by your health care insurer will be your responsibility.  Also, it is your 
responsibility to determine the extent of your health care coverage.  There is no program in 
place for other monetary compensation for such injuries.  However, you are not giving up any 
legal rights or benefits to which you are otherwise entitled.  Because you are participating in 
research which is not conducted at a medical facility, you will be responsible for seeking 
medical care and for the expenses associated with any care received.   
 
CONTACTS FOR QUESTIONS OR PROBLEMS 
 
For questions about the study or a research-related injury, contact the Co-Investigator 
researcher Tianyu Zhao at 812-349-8769 or Ruopeng Sun at 718-753-3256, or Principal 
Investigator Dr. John Shea at 812-856-6045.  If you cannot reach the researcher during 
regular business hours (i.e. 8:00AM-5:00PM), please call the IU Human Subjects Office at 
(812) 856-4242 or (800) 696-2949.  After business hours, please call 812-525-9329. 
 
In the event of an emergency, you may contact Tianyu Zhao at 812-369-0116. 
 
For questions about your rights as a research participant or to discuss problems, complaints or 
concerns about a research study, or to obtain information, or offer input, contact the IU 
Human Subjects Office at (812) 856-4242 or (800) 696-2949. 
 
VOLUNTARY NATURE OF STUDY 
 
Taking part in this study is voluntary.  You may choose not to take part or may leave the 
study at any time.  Leaving the study will not result in any penalty or loss of benefits to which 
you are entitled.  Your decision whether or not to participate in this study will not affect your 
current or future relations with Indiana University. 
 
SUBJECT’S CONSENT 
 31 
 
In consideration of all of the above, I give my consent to participate in this research study.  I 
have the option to withdraw from this study at any time I choose without penalty. 
 
I will be given a copy of this informed consent document to keep for my records.  I agree to 
take part in this study. 
 
Subject’s Printed Name:  
 
Subject’s 
Signature: Date:
  
             (Must 
be dated by the subject) 
 
Printed Name of Person Obtaining Consent:  
 
Signature of Person Obtaining 
Consent: Date:
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Appendix-B Subject Health Form 
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MEDICAL HISTORY 
 
Yes / No 
 
Unknown 
 
If Yes, Explain 
 
Current / Resolved 
1. Head, Eye, Ear, Nose, 
Throat  Yes  No          Current  Resolved 
2. Respiratory 
  Yes  No 
    Current  Resolved 
3. Cardiovascular 
  Yes  No    Current  Resolved 
4. Gastrointestinal  Yes  No    Current  Resolved 
5. Genitourinary 
  Yes  No    Current  Resolved 
6. Musculoskeletal 
  Yes  No    Current  Resolved 
7. Neurological 
  Yes  No    Current  Resolved 
8. Endocrine-Metabolic 
  Yes  No    Current  Resolved 
9. Blood/Lymphatic 
  Yes  No    Current  Resolved 
10. Dermatologic 
  Yes  No    Current  Resolved 
11. Psychiatric 
  Yes  No    Current  Resolved 
12. Allergy 
  Yes  No    Current  Resolved 
13. Other, specify: 
___________  Yes  No    Current  Resolved    
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Appendix-C Data Collection Form 
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Gait Study Test Sheet 
Subject ID: ___________  Date of Testing: __________ 
Age:  ________________  Male  Female 
Height:  ______________  Weight:   ________________ 
Test 
Order 
Experiment 
Condition 
Practice 
Trail 
Trails 
Collected 
Notes 
1 SRT L  1  1   2  2   3  3   4  4   5  5   6  6   7  7   8  8   9  9   10  10   2 SRT RL 1  1   2  2   3  3   4  4   5  5   6  6   7  7   8  8   9  9   10  10   3 SRT LRL 1  1   2  2   3  3   4  4   5  5   
 36 
6  6   7  7   8  8   9  9   10  10   4 SRT R  1  1   2  2   3  3   4  4   5  5   6  6   7  7   8  8   9  9   10  10   5 SRT LR 1  1   2  2   3  3   4  4   5  5   6  6   7  7   8  8   9  9   10  10   6 SRT  RLR 1  1   2  2   3  3   4  4   5  5   6  6   7  7   8  8   9  9   10  10   7 CRT 1  1   2  2   3  3   4  4   5  5     6  6   7  7   8  8   9  9   10  10     11     12     13   
 37 
 
  14     15     16     17     18     19     20     21     22     23     24     25     26     27     28     29     30     31     32     33     34     35     36     37     38     39     40     41     42     43     44     45     46     47       48     49     50     51     52     53     54     55     56     57     58     59     60   
